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al^A* nI'SS^S'*** (EC 1.5.1.2) cat- 
aiysM the NAp(P)H.deiiendent converdon of pyrro- 

"^^:^'^^'^r^^^''^' closed a haaJS^^: 
i^-hne-e^KJiurbwylate redactase cDNA by comptaS;. 
tation of proline aazotrophy in: a Saeebaromywa 
«r«tf8tee mutant strain. DTI 100. uSglTSSS 
S*^***"^ " * expnsssion vector, we 8cr^ 
lO' transformantg. two of which gained proUM^^S 
SSSilif •• i» both containSJJSK l5 

S2i ^V^l'!** P«*«ttophy. The pym^ 

. Une-6-carboxylate reductase activitv in thinn 
frophs wa9 1-3% that of wUd ^S^Sst i^^tSS^ 

?«»tein. The derived amino acid seouen^ b 
DNA hybridization analysis, the homan rednrtase an! 



• ' _ i^^Uhe-5-carboxylate (P5C)' reductase (EC U 1 2xW 
alj^s^the r^on of P5C to proline in. an NM)(P)H- 
. ..de^ndent leaetion which is both the first committed and 
. final' step : m proline synthesis. , P5C reductase activitv is 

pre^nt u. the cytosol of virtuallyall n«unnS tSmd 
C|ritu,^ cells.;in addition to its role in proline syntSs KC 
reoj^. together ththeoth^ 

meujotom n„,y mfluence the ratios of oiidized/i^uced 
pyndine nucleotides (1). , . .. . "^'^^ 

18 U.S.C. Section 1734 solely to indicate this fact. ™™>* 

M77m '^^^ ^ "'^'^ nuniberfs) 

ne?i^"Sl!?Jr>^ Predoctoml Training Pnjgran. in Hunuin Ge- 
Sp ^ ^ " ^"^""^ Foundation Graduate FW- 

Jom''^!^.^*^ the Howard Hughes Medical Institute. To 
H^J^S^'^r'f. "P"^^ should be addressed 



t*"^ there may be two (or 

preferences. P5C reductase from bvmm t^^^Si 

for' pS'^CnSi^" a 5.,2.'ShTiJS^ 

5, * ^ NADPH as cofactor (2): Purified erythrowte 
P5C reducta^ utihzes NADPH eiclusiveiy when ESS 

15) md a lymphoblastoid cell line (LHN cefo) ^6) has a tS^ 
affimty for either cofactor and an affinity for pSwS^. 

ity 0^ P5^ reductase to inhibitors is ^tisiu^^^rS 

huinan'fibrbblasts 'and uSf c^lis^- 
ff^^"^- "i"* by.NA&PVtliei»hW"^^ 
bJ«5 ? fiythiocytes. lens, and retina (2)/ 

Based pn these differences in kinetic char^riitics and sei. 
sitm^^ mhibitore. Phang and his ^SgS^I^ ^ 5 
suKested that, there are different forins of ■ 
vanous tissue?,^ Furthermore, they p^^:thrt^^^ 
roartion selves different metaboUc roE these SSI^ 

vntha Ingh requirement for proline, the primary fimctiTof 
the reartion istoq^thesiathisamino^^ 
in eij^hrocytes; where the enzyme is inhibited by 
«iere «, no requirement for proSne ^thesis, the primary ^ 
ftmctipnof the.naction nmy NaDP* necM^ 

for activity of the hexose mohophoiphate shunt ^ 
■ . '?>«SI to/ 
fal^t^T^ characteristics of P5C redu^ and tlie - 
factore wlu^^nfluence its functional roi^ we srt o^ 
a humM PSC reductase cDNA and ultimately the stmSSj 

gene(sK At Ae time of institution of these idik^SS 
Kquence information for P5C reductase was availabte3 
from , microorganisms (8.10)* and a^diean (H) SnmB 

sources, but the quantity was insuCBdent for antibody dio- 
ducbon or sequence determination (2-4). Therefore, we 
etected to utilize a ftmctional ctoning stratesr. namely com- 
plementatiqn^ui a SoccAoromyces cemuisihe mutant strain 
lacbng the reductase. We reasoned that P5C reductase should 
beamenable to this cloning strategy. The human protein 
appeuB to be a homopolymer comprised Of moderately sized 
02pkD*)subumt8(2). MutantstiainsofS. cewisui^^ 

H5C reductase activity have been weU characterized (12)and ' 
are auxotrophic for proline, providing a selection Cfystem for 
complementation. Appropriate human cDNA hbiaries in a 

yeast espFEssicn vector recently hsx-e been described (13) 
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uijJ^.n'^^"'^"'^'' '"^^^ homo- 
log foi the mU cycle control gene (cdc2) (W a CCAAT 

S^^s^i™ -ui^etl^i" 

St «ow» purine synthesis (13, 16) have been 

In this report, we describe the isolation and characterization 
of human P5C reductase cDNA by complenS^nf s 
cem,««K and napping of the human atniStunilX 
MATERIALS AND METHODS AND RESULTS* 
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M.SfSS S5 55 - S S is- «j - s ji-Si 

s ns SI s? 2s sfi srsg gj « „c jcc « g^; 



DISCUSSION 

By complamentation of an 5. cerevisme Psr f»/ii,«*- 
mutant strain, we have cloned two iS^SenfdSSS^S 
-^h„m-„ Psr ^u.ta«e. PhenotypKmilSuon 
occurred despite the relatively low level of P6C reduS 
acUv.tymeas|«Klmthetram,fom^^ 

have far more P6C reductase actiS^^ 
requuBd for growth on a medium lacking pSXt Z 

Out lonjCTt humm P6C mhctaso cDNA ii 1 8 kh In |™«K 

tase has considerably homo 6s^ the ™SS^ iS^ — 
organisms, and soybean (FigiiThlT^TlT ^?'"^ 

«^oacidsinwhaiS;iSi3>S^^,^^^^^^ 

nSww* IT*'* *** certainty an 

NADPH bmdmg site that fits thecom^nsus based on Jve^ 
reductase enzymes fl a am aw "* 
adds] Y_CG_T MH3S~p2^57-*^L''*°° 
Uu.t P5C reducta;;^^J^'i^^Xra o"S,^\!"* 

and soybean. sequences fiom microorganisms 

^^^^^^^^^^^^Aispr^nt in a wide variety of ceU 





acids identical with th^K^^;,*^ 
done usi:^ the ^r^a£^, ^\Z 



Fig. 



mimprint at the ^ of thS. n«rS M-^- ^ fJ* «> presented >n 
*"*""°'«ej«>nial that 18 available from Waveriy 



the presence of Psr MCF 7 ceUs, m agreement with 

in Henr9«!ii» (J8). fhe high tevel of emyme activity 

accounted for by the greater amount of reductase mRMAi; 
the former. The poly(A*, RNA bom Hep^XeSte Tt 



leMt two bands when probed with huPSCRl cDNA. These 
drfferent Vecies could be due to differontial spUcing of the 
P5C reductase mRNA which, if the pattern varied in ItisZ- 
specific feshion. could explain the difTeient enzymatic fbnno 
of the protein. Alternatively, the two P6C reductase tran- 

nS^«r?;f ^'"^"^'•ri^ forpolyadenylation. 
In wpud. the proposed polyadenylation signal in both 

■ A"UAAA, b notTh^oS 

^ ^ genomic organization of the hu- 

man P6C reAictase gene by Southern blot analysis. The gene 
appears to be single copy with a relatively simple stmchue 
as e v«lenced by the tow mimber of hybridirihg fr^menS^n 

l^J^"^ *i8«»-»pedficSrenc«b 
P6C reductase Jdnetic« and inhibitor sensitivity were 4« S 

pies pattern of genomic fragments. 

A human genetic disease caused by an abnormaUty of P5C 
reducto« hM not yet been recognized. The eSSSheno^ 
typic features for deficiency of P5C reductase^iS 
nnju«^ chondrodyspL^ia (7). cataracte (1); impLKiTteta! 
uon (40), and/or hemolytic anemia (41). Results with t!w) 
^/rodent hybrid cell mapping piuiilsZISi^t 
rS^^ ^ chromosome 17. Examine- 

tion of the phenotypes of the human genetic diseases mapp«d 
to this chromosome (42) or to ita major murine counS^ 
(mouse chromosome 11) (43) doeslnot reveal obSSS 



Cbnmg PymUne-5-carboxylate Reductase cDNA 
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MATERUifl AMD lOIHOOS 

T*aUfcSCEKl«MffsmAiO0Sa)WT»f3STUDy , 

Seuret 



pPRO«.i ' 



-ararvtEfs9|i7) 
8ronauB|l2| 



« POEM. «^ e»^"l^';^r*^ 



•««»ngn « RTUI Va»s*n pifl and H«La S3 e«te (CC12.?,. 



add naoti 



RESULTS ■ 




IWIopiian lor (our «„•''.,"'?.. "W 



P-ntai a«.(«B,433,.- T. cnto ma »i riZ^JT '^•i»<««P«= 
«««»»». , a »• Th. OTiioo awn «,o»« „a„ , 



fibnjbteis • ootnroi 1 
^'"'''('^sts - control 2 



3010(2251 - asO)' 
notdetaaabto 
63; 22- 109) 



1218 {1187. 1241 ( 
515 ( 49« - S33) 



PGEU4. resutlinB «, ma«nt»««m 
socjiencPd in its tPWKy in 



""^einKTOiFBuiej). ... 
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51 Morthrn btt 01 RNA ftD« H.PG2 ^ 
0«««.d RKA CCt*, ^ C« B^^^.^^ 
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